How do human observers perceive a coherent pattern of motion from a disparate set of local motion measures? Our research has examined how ambiguous motion signals along straight contours are spatially integrated to obtain a globally coherent perception of motion. Observers viewed displays containing a large number of apertures, with each aperture containing one or more contours whose orientations and velocities could be inde~ndently specified. The total pattern of the contour trajectories across the individual apertures was manipulated to produce globally coherent motions, such as rotations, expansions, or translations. For displays containing only straight contours extending to the cireumfere~~ of the apertures, observers' reports of global motion direction were biased whenever the sampling of contour orientations was asymmetric relative to the direction of motion. Performance was improved by the presence of identifiable features, such as line ends or crossings, whose trajectories could be tracked over time. The reports of our observers were cot&tent with a pooling process involving a vector average of measures of the component of velocity normal to contour orientation, rather than with the predictions of the intersection-of-constraints analysis in velocity space.
INTRODUCTION
The transition from vast arrays of locally ambiguous signals to globally coherent perception of objects is a fundamental problem in all early vision modalities. In the motion domain this early ambiguity is often referred to as the aperture problem, whereby only the normal component of velocity of any straight line or edge segment that extends beyond a cell's receptive field can in principle be measured by that cell (Fennema & Thompson, 1979; Adelson & Movshon, 1982) The question of how to combine information from many such local measures into a consistent object velocity signal has drawn considerable attention in the last decade, both within the computer vision community (reviewed in Uras et al., 1988) and within the psychological and physiological investigation of biologial vision (Adelson & Movshon, 1982; Derrington & Suero, 1991; Ferrera & Wilson, 1987 , 1990 , 1991 McKee, Silverman & Nakayama, 1986; Movshon, Adelson, Gizzi & Newsome, 1985; Welch, 1989) .
Many of the phenomenological consequences of the aperture problem were described by Waflach (1976 observed that when both ends of a straight contour are occluded by a circular aperture, the contour is often perceived to move in a direction that is perpendicular to its own orientation-even when there is a visible textural grain on the contour or in the presence of intersections of contours that could potentially specify (some other) true direction of motion. These effects of contour orientation can sometimes be overcome, however, when the end points or terminators of several contours within a single aperture all move in the same direction. One way of achieving this effect is to present moving contours within an elongated rectangular aperture, which results in the well-known "barberpole illusion".
More recently Adelson and Movshon (1982) have argued that the perceptual ambiguities arising from the aperture problem can be overcome through an "intersection-of-constraints" computation in velocity space. According to their model, the correct direction of motion for patterns of contours with multiple orientations can be determined using a two-stage process, The first stage is performed by a network of directionally sensitive, o~entationally tuned mechanisms. A local signal at the first stage is proportional to the normal component of the velocity of stimulus contrast (edge or grating) in a direction perpendicular to the orientational preference of a particular detector. Signals are next processed by mechanisms with different orientational preferences but overlapping spatial domains. When a stimulus containing components in two distinct orientations, such as a "plaid" pattern made of overlapping sinusoidal gratings of different orientations, drifts over a given region, two populations of detectors at the first
